esp@cenet document view 



1/1 ^-z^ 



SOLVENTLESS PHOTO-CURING CONDUCTOR PASTE AND MANUFACTURING 
METHOD FOR CERAMIC ELECTRONIC COMPONENT 



Publication number: JP2002270036 
Publication date: 2002-09-20 



Classification: 

. international: H05K1/09; C09D4/00; C09D5/00; C09D5/24; H01B1/22; 
H01G4/12; H05K3/12; H05K1/09; C09D4/00; 
C09D5/00; C09D5/24; H01B1/22; H01G4/12; 
H05K3/12; (IPC1-7): H01B1/22; C09D4/00; C09D5/00; 
C09D5/24; H01G4/12; H05K1/09; H05K3/12 

- European: 

Application number: JP2001 007251 5 20010314 
Priority number(s): JP20010072515 20010314 



Abstract of JP2002270036 

PROBLEM TO BE SOLVED: To provide conductor paste without needing a solvent removing process 
after application and provide a manufacturing method for a ceramic electronic component using it. 
SOLUTION: This solventless photo-curing conductor paste is used for forming a conductor film on a 
ceramic substrate such as a green sheet, and prepared by mixing an organic vehicle containing a 
photo-polymerizing compound and a phtopolymerization starting agent with a conductor forming 
powder material mainly containing conductive powder, and does not substantially contain any solvent. 
The powder material preferably contains a non-vitreous inorganic additive at a ratio of 0.1-2.0 wt.% 
with respect to the conductive powder. This manufacturing method comprises a process (a) for 
applying the paste to a non- baked ceramic substrate, a process (b) for photo-curing the applied paste, 
and a process (c) for baking the obtained cured film, and carries out the process (b) without carrying 
out a heat treatment for removing the solvent after the process (a). 
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(54) SOLVENTLESS PHOTO-CURING CONDUCTOR PASTE AND MANUFACTURING 
METHOD FOR CERAMIC ELECTRONIC COMPONENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide conductor paste without needing a solvent removing 
process after application and provide a manufacturing method for a ceramic electronic 
component using it. 

SOLUTION: This solventless photo-curing conductor paste is used for forming a conductor 
film on a ceramic substrate such as a green sheet, and prepared by mixing an organic vehicle 
containing a photo-polymerizing compound and a phtopolymerization starting agent with a 
conductor forming powder material mainly containing conductive powder, and does not 
substantially contain any solvent. The powder material preferably contains a non-vitreous 
inorganic additive at a ratio of 0.1-2.0 wt.% with respect to the conductive powder. This 
manufacturing method comprises a process (a) for applying the paste to a non- baked 
ceramic substrate, a process (b) for photo-curing the applied paste, and a process (c) for 
baking the obtained cured film, and carries out the process (b) without carrying out a heat 
treatment for removing the solvent after the process (a). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]Solventless type photoresist conductive paste which is photoresist conductive paste 
for forming a conductor film in a ceramic base material, mixes an organic vehicle containing a 
photopolymerization nature compound and a photopolymerization initiator, and powder 
material for conductor formation which makes conductive powder a subject, and does not 
contain a solvent substantially. 

[Claim 2]The solventless type photoresist conductive paste according to claim 1 in which said 
powder material for conductor formation contains a non-glassiness inorganic additive with 
loadings equivalent to said 0.1 - 2.0wt% of conductive powder. 

[Claim 3]The solventless type photoresist conductive paste according to claim 1 or 2 in which 
said conductive powder is a spherical particle with a mean particle diameter of 0.5-5.0 
micrometers. 

[Claim 4]An organic vehicle which is the method of manufacturing a ceramic electronic 
component containing a ceramic base material with which a conductor film was formed, and 
contains (a) photopolymerization nature compound and a photopolymerization. initiator, A 
process applied to a ceramic base material whose solventless type photoresist conductive 
paste which mixes powder material for conductor formation which makes conductive powder a 
subject, and does not contain a solvent substantially is not calcinated, (b) A ceramic electronic 
component manufacturing method which carries out the aforementioned (b) process including 
a process to which photo-curing of the applied paste is carried out, and a process of 
calcinating a hardening layer (c) Obtained without performing heat-treatment for solvent 
removal after the aforementioned (a) process. 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://ww 9/17/2008 



JP,2002-270036,A [DETAILED DESCRIPTION] 



Page 1 of 16 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the photoresist conductive paste which forms a 
conductor film in a ceramic base material. It is related with the manufacturing method of the 
ceramic electronic component using the suitable solventless type photoresist conductive paste 
for the use which forms conductor films, such as an electrode, and this paste by being applied 
on the ceramic base material in the states where it does not calcinate, such as a green sheet, 
and being calcinated especially. 
[0002] 

[Description of the Prior Art]What is called a stacked type ceramic condenser (henceforth 
MLCC) that laminates and calcinates a dielectric layer (ceramic layer) and an internal 
electrode layer by turns is used abundantly with a miniaturization and advanced integration of 
electronic parts in recent years. 

[0003]The example of typical manufacture of this MLCC is shown below. Namely, barium 
titanate with a high dielectric constant (BaTiO^), The dielectric powder which uses strontium 

titanate (SrTiOg), yttrium oxide (YgO^), etc. as the main ingredients, You mix with organic 

binders, such as a polyvinyl butyral, and make it suspended, this is fabricated to a sheet 
shaped with a doctor blade method etc., and what is called a dielectric green sheet is created. 
On the other hand, the metal powder for internal electrodes is mixed with organic media 
(vehicle), such as an organic solvent, a plasticizer, and an organic binder, conductive paste is 
formed, and this conductive paste is printed with screen printing etc. on said dielectric green 
sheet. Subsequently, in order to remove the organic solvent etc. which are contained in 
conductive paste, stoving of the printed conductive paste is carried out with a green sheet. 
This forms an uncalcinated internal electrode (henceforth a "green electrode") on the above- 
mentioned sheet. And specified number lamination of the dielectric green sheet in which this 
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green electrode was formed is carried out, and it bonds mutually by thermo-compression. 
Then, this layered product is cut in the target size. 

[00041Subsequently, the cut layered product is heated at 350-500 ** in an oxidizing 
atmosphere (typically inside of the atmosphere), and oxidative degradation and processing 
(namely, debinding processing) to remove are performed for the organic component contained 
in this layered product. Then, it moves into a reducing atmosphere so that the metal powder for 
internal electrodes may not oxidize too much, and it calcinates by around 600-1300 ** 
temperature conditions. By the process of these series, the main part of a ceramic condenser 
which a green electrode and a dielectric green sheet sinter is obtained. Then, the target MLCC 
can be obtained by printing predetermined exterior electrodes on the side of this capacitor 
body, as it connects with the sintered internal electrode. 

[00051ln the manufacturing method of this MLCC, the process which dries the conductive 
paste printed by this sheet before lamination of a green sheet is established. The time which 
debinding processing takes to this is shortened. After applying the conductive paste which has 
mobility by methods, such as printing, by making it dry and considering it as the green 
electrode of a solid state, the handling of the green sheet in which this green electrode was 
formed can become easy, and the workability at the time of lamination, etc. can be raised. 
However, generally thermoplastics is used for the green sheet as an organic binder, and the 
organic solvent of certain quantity is also contained in many cases. Therefore, if heat- 
treatment at a comparatively high temperature is performed for the purpose of removing the 
organic solvent in the applied conductive paste, a green sheet may change with the heat at the 
time of this processing. Since the modification of such a green sheet can also become a factor 
which reduces the characteristic of MLCC after calcination, being prevented or controlled is 
desirable. 
[0006] 

[Problem(s) to be Solved by the lnvention]One means to solve the fault that modification 
arises, from the origin to the ceramic base material uncalcinated [ a green sheet and / other ] 
therefore, to the above-mentioned heat-treatment (henceforth "a solvent solvent wiping 
removal") after conductive paste spreading which was mentioned above. It is developing the 
solventless type conductive paste which does not need to perform a solvent solvent wiping 
removal. As a solventless type paste, the photosensitive paste for forming the dielectric pattern 
of POP (plasma display panel) in JP,2000-330269,A is indicated. However, this paste is a non- 
conducting paste which uses glass particles as the main ingredients, and is not a thing which 
can use it as conductive paste. 

[0007]then, by the solvent solvent wiping removal after conductive paste spreading, this 
invention is created by the ceramic base material uncalcinated [ a green sheet and / other ] 
considering preventing modification from arising as a technical problem, and appears in it. The 
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purpose is to provide the conductive paste which does not need the solvent solvent wiping 
removal which is a factor of modification. 

Other purposes of being related are to provide the method of manufacturing MLCC and other 

ceramic electronic components using such conductive paste. 

[0008] 

[Means for Solving the Problem]Conductive paste of this invention which solves an 
aforementioned problem, An organic vehicle which is photoresist conductive paste for fomiing 
a conductor film in ceramic base materials, such as a green sheet, and contains a 
photopolymerization nature compound and a photopolymerization initiator. It is solventless 
type photoresist conductive paste which mixes powder material for conductor formation which 
makes conductive powder a subject, and does not contain a solvent substantially. 
[00091Here, "a solvent is not contained substantially" is the purpose of viscosity control of a 
paste, improvement in dispersion stability, and superiors for compatibility, and solventless type 
photoresist conductive paste says that an organic solvent Intentionally added considering 
removing after applying a paste before carrying out photo-curing as a premise is not included. 
Namely, a solvent used at the time of manufacture of the above-mentioned 
photopolymerization nature compound, a solvent used in order to carry out addition mixing of 
the above-mentioned photopolymerization initiator by solution states, etc., Even if it is a case 
where it is intermingled unintentionally very in small quantities (for example, less than 5wt% of 
the whole paste, less than 1wt%, or about less than 0.5wt%), If it is the content which is a 
grade which can carry out photo-curing, without carrying out heating removal of these minor 
constituents after spreading of a paste, "it shall be said substantially that a solvent is not 
contained" (it may only outline hereafter, saying "a solvent is not contained".). 
[0010]Since solventless type photoresist conductive paste of this invention does not contain a 
solvent in this way, it can stiffen this paste, without performing a solvent solvent wiping 
removal, after applying to a green sheet etc. (it is considered as a coat of a solid state). 
Therefore, modification of a green sheet resulting from this solvent solvent wiping removal can 
be prevented beforehand. As a result, the electrical property of products (MLCC etc.) provided 
with a conductor film obtained from a paste of this invention, a mechanical property, etc. are 
improvable. 

[001 1]Said powder material for conductor formation contains a non-glassiness inorganic 
additive among solventless type photoresist conductive paste of this invention at a desirable 
thing with loadings equivalent to said 0.1 - 2.0wt% of conductive powder. Use of these "non- 
glassiness inorganic additives" (alumina etc.) can raise the characteristics (adhesive strength 
to a substrate, accuracy of form, accuracy of position, a mechanical property, an electrical 
property, etc.) of a conductor film obtained from a paste of this invention. 
[0012]ln what [ other ] is preferred as solventless type photoresist conductive paste of this 
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invention, said conductive powder is a spherical particle with a mean particle diameter of 0.5- 
5,0 micrometers. A paste of such composition is excellent in spreading nature and a 
photoresist, and can form a highly precise conductor film. 

[0013]This invention provides a method of manufacturing a ceramic electronic component 
using solventless type photoresist conductive paste of above-mentioned this invention. 
Namely, a manufacturing method of a ceramic electronic component containing a ceramic 
base material with which a conductor film was formed provided by this invention, (a) An 
organic vehicle containing a photopolymerization nature compound and a photopolymerization 
initiator, A process applied to a ceramic base material whose solventless type photoresist 
conductive paste which mixes powder material for conductor formation which makes 
conductive powder a subject, and does not contain a solvent substantially is not calcinated, (b) 
it (c) [ a process to which photo-curing of the applied paste is carried out, and ] Is the method 
of carrying out the aforementioned (b) process, without performing heat-treatment (solvent 
solvent wiping removal) for solvent removal after the aforementioned (a) process including a 
process of calcinating an obtained hardening layer. 

[0014]ln this specification, the "ceramic electronic component" refers to the general electronic 
parts which has a substrate made from ceramics (base). Therefore, a hybrid IC constituted by 
these, a ceramic wiring board, or multi chip modules besides above-mentioned MLCC are the 
classic examples included by a "ceramic electronic component" defined in this specification. In 
a ceramic electronic component manufacturing method of this invention, conductor films 
(wiring, an electrode, etc. of a prescribed pattern) provided in a ceramic base material are 
formed from above-mentioned solventless type photoresist conductive paste, A solvent solvent 
wiping removal of a paste applied to uncalcinated ceramic base materials, such as a green 
sheet, by this is made unnecessary. Therefore, heat modification of this ceramic base material 
is prevented, and a ceramic electronic component excellent in an electrical property, a 
mechanical property, etc. can be obtained. Since an occupation area of a light irradiation 
device used for photo-curing processing of a paste is generally small compared with a stoving 
device used for a solvent solvent wiping removal, According to the manufacturing method of 
this invention, compared with a Prior art which performs a solvent solvent wiping removal after 
spreading of a paste, or performs photo-curing further after a solvent solvent wiping removal, it 
is possible to miniaturize a manufacturing facility. 
[0015] 

[Embodiment of the InventionJHereafter, the suitable embodiment of this invention is described 
in detail. The "conductive metal powder" which forms the subject of the powder material for 
conductor formation used for the paste of this invention is an ingredient for giving conductivity 
to the conductor film obtained after calcination. Although it does not limit in particular, in order 

to be this purpose, resistivity is preferred for the conductive metal powder below 1x10 ^ 
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omega-cm in general. For example, simple substances and tliose alloys, such as silver (Ag), 
copper (Cu), gold (Au), nickel (nickel), aluminum (aluminum), tin (Sn), zinc (Zn), platinum (Pt), 
palladium (Pd), and tungsten (W), are mentioned to this use as a desirable conductive 
substance. 

[0016]Mean particle diameter is 0.1-10 micrometers or less, and the maximum droplet size of 
such conductive metal powder is 20 micrometers or less (in mean particle diameter, 0.5-5.0 
micrometers and/or a maximum droplet size 10 micrometers or less preferably). Mean particle 
diameter is still more preferably good for 0.5-2.0 micrometers and/or a maximum droplet size 
to use a thing of 5 micrometers or less. If it is the mean particle diameter of this range, it is 
easy to have suitable viscosity and to consider it as the good paste of a photoresist. Although 
the outside in particular of conductive metal powder is not limited but the shape of a piece of 
**, conical shape, a cylindrical thing, etc. can be used, especially the thing for which spherical 
particles are used is preferred. Compared with the case where the particles of other shape are 
used by using a spherical particle as conductive metal powder, also when content of 
conductive metal powder is made high, it can be considered as the paste in which 
comparatively low viscosity and/or a comparatively high photoresist are shown, and a precise 
conductor film is easy to be obtained after calcination. As for the specific surface area (based 

on BET) of conductive metal powder, it is preferred that it is 0.05-1 Om^/g in general, and it is 

more preferred that it is 0.4-2.5m /g. Only a kind may be used for such conductive metal 
powder, and it may use together two or more sorts from which a presentation and/or shape (an 
outside, mean particle diameter, etc.) differ. The end of spherical silver powder whose mean 
particle diameter is 0.5-2.0 micrometers is used especially suitably. 
[0017]As for the powder material for conductor formation of this invention, it is preferred to 
contain a "non-glassiness inorganic additive." As construction material of this non-glassiness 
inorganic additive, zirconium oxide (zirconia). Zirconium silicate, an aluminum oxide (alumina), 
silicon nitride, silicon carbide. Oxide ceramics or non-oxide ceramics, such as boron oxide, 
yttrium oxide, and barium titanate. Or metallic oxides, such as copper oxide, lead oxide, 
bismuth oxide, manganese oxide, cobalt oxide, magnesium oxide, tantalum oxide, niobium 
oxide, and tungstic oxide, are mentioned, among these especially alumina is preferred. The 
adhesive strength of a conductor film and a substrate can be raised by use of such a non- 
glassiness inorganic additive. When calcinating the conductor film which is not calcinated 
[ which was formed from the conductive paste of this invention ], excessive firing shrinkage is 
prevented from arising. Therefore, when forming the conductor film of a detailed pattern, it can 
be considered as the conductor film excellent in the characteristics, such as accuracy of form, 
accuracy of position, a mechanical property, and an electrical property. 
[0018]As shape of this non-glassiness inorganic additive, powder of 5 micrometers or less 
(preferably 2 micrometers or less, still more preferably 1 micrometer or less) has the viewpoint 
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of making suitable the filling factor of the viscosity of a paste, a photoresist, dispersibility, and a 
conductor film, etc. to preferred mean particle diameter. As for the specific surface area of this 

2 2 

powder, it is preferred that it is 0.5m /g at least, and its powder which is more than 1 .0-m /g 

2 2 

(typically 1.0-100m /g, especially preferably 1.0-10m /g) is more preferred. It is more preferred 
than the mean particle diameter of said conductive metal powder that the mean particle 
diameter of this non-glassiness inorganic additive is small. As for the above-mentioned non- 
glassiness inorganic additive, it is preferred to use it with the loadings equivalent to 0.1 - 
2.0wt% of the above-mentioned conductive powder (preferably 0.5 - 1.5wt%). If there is too 
less amount of the non-glassiness inorganic additive used than 0.1 wt%, sufficient addition 
effect may not be acquired. On the other hand, when there is too more amount of the non- 
glassiness inorganic additive used than 2.0wt%, there is a possibility that the effect of raising 
the electrical property etc. of the conductor film formed after calcination may become low. 
Although the paste of this invention may contain a glassiness inorganic additive (what is called 
glass frit), it can also be considered as the presentation which does not contain this. It is 
preferred to consider it as the presentation which does not contain a glassiness inorganic 
additive from points, such as the electrical property etc. of the conductor film obtained after 
calcination. 

[0019]Next, the "organic vehicle" which is an organic component in the paste of this invention 
is explained. The "photopolymerization nature compound" and the "photopolymerization 
initiator" which are contained in this organic vehicle are an ingredient for giving a photoresist to 
the paste of this invention. As an example of a desirable photopolymerization nature 
compound, the following are mentioned to this use. 

[0020](1) Monofunctional monomer acrylic acid, methacrylic acid, itaconic acid, crotonic acid, 
Fumaric acid, maleic acid, methyl acrylate, methyl methacrylate, Ethyl acrylate, ethyl 
methacrylate, isobutyl acrylate, Isobutyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl 
methacrylate, n-laurylacrylate, n-lauryl methacrylate, n-laurylacrylate, n-stearyl methacrylate. 
cyclohexyl acrylate, cyclohexyl methacrylate, Fumaric acid monomethyl, fumaric acid 
monoethyl, benzyl acrylate, Benzyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl 
methacrylate. Acrylic acid amide, an methacrylic acid amide, acrylonitrile, a methacrylonitrile, 
Ethylene glycol mono- methacrylate, propylene glycol monoacrylate, Butylene-glycol mono- 
methacrylate, triethylene glycol monoacrylate, tetraethylene glycol monoacrylate, 
nonaethylene glycol mono- methacrylate, dipropylene glycol monoacrylate, Tripropylene glycol 
monoacrylate, tetrapropylene glycol monoacrylate, Dipropylene glycol mono- methacrylate, 
tripropylene glycol monomethacrylate, Methoxy diethylene-glycol methacrylate, methoxy 
polyethylene-glycol methacrylate, Ethylene-glycol-monomethyl-ether acrylate, ethylene-glycol- 
monomethyl-ether methacrylate, Ethylene-glycol-monoethyl-ether acrylate, ethylene-glycol- 
monoethyl-ether methacrylate, glycerol acrylate, glycerol methacrylate, etc. 
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[0021 ](2) Polyfunctional monomer ethylene glycol diacrylate, ethylene glycol dimethacrylate, 
Triethylene glycol diacrylate, triethylene glycol dimethacrylate, Tetraethylene glycol diacrylate, 
tetraethylene glycol dimethacrylate, Nona ethylene glycol diacrylate, nonaethylene glycol 
dimethacrylate, Dipropylene glycol diacrylate, dipropylene glycol dimethacrylate, Tripropylene 
glycol diacrylate, tripropylene glycol dimethacrylate, Tetrapropylene glycol diacrylate, 
propylene glycol diacrylate, Butylene-glycol dimethacrylate, trimethylolpropane triacrylate, 
Trimethylolpropanetrimethacrylate, tetramethylolpropanetetraacrylate, tetramethylolpropane 
tetra methacrylate - and, [ pentaerythritol doria ] Pentaerythritol trimethacrylate, pentaerythritol 
tetraacrylate, pentaerythritol tetra methacrylate, dipentaerythritol pentaacrylate, 
Dipentaerythritol pentamethacrylate, dipentaerythritol hexaacrylate, Dipentaerythritol 
hexamethacrylate, 1,6-hexanediol diacrylate, T,6-hexanedioldimethacrylate, carboepoxy 
diacrylate, Ethyleneoxide (EO) addition diacrylate of bisphenol A, EO adduct dimethacrylate of 
bisphenol A, propylene oxide (PO) addition diacrylate of bisphenol A, propylene oxide (PO) 
addition dimethacrylate of bisphenol A, etc. 

[0022](3) the side chain or molecular terminal without the oligomer; photopolymerization nature 
functional group of the compound mentioned to the photo-setting resin above (1) or (2) which 
makes a kind come to polymerize at least and has a photoresist functional group of oligomer or 
polymer - a photopolymerization nature functional group (an acrylyl group and a methacryloyi 
group.) What introduced a vinyl group, an allyl group, etc. (for example, polyester-acrylates 
oligomer, polyether acrylate oligomer, urethane acrylate oligomer, epoxidized-soybean-oil 
acrylate oligomer). 

[0023]The organic vehicle in this invention may contain only a kind among such 
photopolymerization nature compounds, and may contain two or more sorts. When the main 
ingredients of the photopolymerization nature compound contained in an organic vehicle are a 
compound which has two or more (3 or more [ Preferably ]) photoresist functional groups in a 
monad, since a photoresist becomes what forms the hardening layer whose crosslinking 
density it is high and is high (hard) easily, the paste of this invention is preferred. Preferably 
especially the photopolymerization nature compound used Dipentaerythritol pentaacrylate, Let 
a kind chosen from the group which consists of dipentaerythritol pentamethacrylate, 
dipentaerythritol hexaacrylate, and dipentaerythritol hexamethacrylate, or two sorts or more be 
the main ingredients. 

[0024]Especially the "photopolymerization initiators" contained in the above-mentioned organic 
vehicle is 1-hydroxycyclohexylphenyl ketone, 2,2-dimethoxy- 1,2-diphenylethan 1-one, and the 
2-methyl- 1 as the desirable example, although not limited. - [4-(methylthio) phenyl] -2- 
morpholinopropane 1-one, 2-benzyl-2-dimethylamino 1 -(4-morpholinophenyl)- Butan-1-one, 2- 
hydroxy-2-methyl-1-phenylpropan-1-one, bis(2,4,6-trimethyl benzoyl)-phenyl phosphine oxide, 
1 - [4-(2-hydroxyethoxy) phenyl] -2-hydroxy-2-methyl-1-propan-1-one, 2, 4-diethylthio 
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xanthone, 2-chloro thioxan ton, a 2,4-climethyl thioxan ton, 3,3-dimethyl- 4- 
methoxybenzophenone, Benzophenone, a 1-chloro-4-propoxy thioxan ton, 1-(4- 
isopropylphenyl)-2-hydroxy-isobutane 1-one, 1-(4-doclecylphenyl)-2-hydroxy-isobutane 1-one, 
A 4-benzoyl-4'-methyldimethylsulfide, 4-dimethylaminobenzoic acid, 4-dlmetliylaminQ methyl 
benzoate, 4-dimethylamino ethyl benzoate, 4-dimethylaminobenzoic acid butyl, 4- 
dimethylaminobenzoic acid-2-ethylhexyl, 4-dimethylaminobenzoic acid-2-isoamyl, a 2,2- 
diethoxyacetophenone, Benzyl dimethyl ketal, a benzyl-beta-methoxy ethyl acetal, 1-phenyl- 
1 ,2-propanedione-2-(o-ethoxycarbonyl) oxime, methyl o-benzoylbenzoate, bis(4- 
dimethylaminophenyl)ketone, 4,4'-screw diethylamino benzophenone, 4,4'- 
dichlorobenzophenone, benzyl, benzoin, benzoin methyl ether. Benzoin ethyl ether, benzoin 
iso-propyl ether, benzoin n-butyl ether. Benzoin isobutyl ether, benzoisobutyl ether, p- 
dimethylamino acetophenone, A p-tert-butyitrichloroacetophenone, a p-tert- 
butyldichloroacetophenone, A thioxan ton, 2-methylthio xanthone, 2-lsopropyl thioxan ton, 
dibenzosulfone, alpha, and alpha-dichloro-4-phenoxyacetophenone, pentyl-4-dimethylamino 
benzoate, etc. can be mentioned. 

[00251AS for such a photopolymerization initiator, in the paste of this invention, it is preferred to 
contain with the loadings equivalent to 0.1 - 30wt% of the above-mentioned 
photopolymerization nature compounds (preferably 0.5 - 20wt%, still more preferably 1 - 
15wt%). The organic vehicle in the paste of this invention can contain polymer without a 
photoresist as an organic binder besides the above photopolymerization nature compounds 
and a photopolymerization initiator. As this organic binder, what uses an acrylic resin, an 
epoxy resin, phenol resin, alkyd resin, cellulose type polymers, polyvinyl alcohol, etc. as a 
base is mentioned. As for such an organic binder, it is preferred to be used in the range which 
does not reduce the photoresist of a paste superfluously and does not raise the viscosity of a 
paste superfluously, for example, it is preferred to consider it as the loadings not more than 
10wt% (preferably 5wt% less than) of the above-mentioned photopolymerization nature 
compound. 

[0026]When the viscosity of this organic vehicle is too low, there is a possibility that the 
dispersion stability of the powder material for conductor formation, etc. may serve as a fall 
tendency. On the other hand, when the viscosity of the organic vehicle was too high and it is 
considered as the comparatively high paste presentation of the content of conductive metal 
powder, spreading to the green sheet of this paste becomes difficult easily. For this reason, 
although it does not limit in particular, it is preferred to make viscosity in the ordinary 
temperature (25 **) as the whole organic vehicle into the range of 10 - 100,000 mPa-s in 
general. The more desirable range is 100 - 50,000 mPa-s, and the still more desirable range is 
300 - 20,000 mPa-s. 

[0027]Unless the characteristics, such as the original conductivity (rate of low resistance) of 
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this paste, compactness, and adhesive strength, are spoiled remarkably, various organic 
additives or inorganic additives can be included in the solventless type photoresist conductive . 
paste of this invention as an accessory constituent. As an example of such organic additives, 
various coupling agents, such as a silicon system aiming at the improvement in adhesion with 
a ceramic base material, a titanate system, and an aluminum system, etc. are mentioned. In 
the solventless type photoresist conductive paste of this invention, a sensitizer, a surface- 
active agent, polymerization inhibitor, a defoaming agent, a plasticizer, a thickener, an 
antioxidant, a dispersing agent, etc. other than the above can be added suitably if needed. As 
these additive agents, what is used for preparation of conventional photoresist conductive 
paste etc. can be used, and detailed explanation is omitted. 

[0028]Next, the operation at the time of preparing the paste of this invention is explained. The 
solventless type photoresist conductive paste of this invention can be easily prepared like 
conventional conductive paste by mixing an organic vehicle with the powder material for 
conductor formation typically. At this time, it is good to add and mix an additive agent which 
was mentioned above if needed. For example, the paste of this invention may be prepared by 
mixing the above-mentioned powder material and various additive agents directly with a 
predetermined compounding ratio with an organic vehicle, and kneading together mutually 
using 3 roll mills and other kneading machines. 

[0029]Although it does not limit in particular, it is 75 - 90wt% which kneads each material 
preferably so that the content of the powder material for conductor formation may become 60 - 
95wt% of the whole paste preferably [ it is good and more desirable and ] to 70 - 90wt% and a 
pan. The quantity which becomes about five to 40 wt% of the whole paste is suitable for the 
addition of the organic vehicle used for paste preparation, its quantity used as 10 - 30wt% is 
more preferred, and its quantity used as 10 - 25wt% is still more preferred. The above- 
mentioned numerical value range concerning the content, the compounding ratio, etc. of each 
ingredient should not be interpreted strictly, and as long as the purpose of this invention can be 
attained, deviation of some from this range is permitted. Thus, as for the prepared solventless 
type photoresist conductive paste of this invention, it is preferred that the viscosity in the 
ordinary temperature (25 **) is in the range of 2 - 1000 Pa-s in general, the more desirable 
range is 5 - 600 Pa-s, and the still more desirable range is 10-400 Pa. 
[0030]Although the classic example of the uncalcinated ceramic base material with which the 
solventless type photoresist conductive paste of this invention is applied is a green sheet, it is 
not limited to this. The paste of this invention can be used for a ceramic base material, a glass 
base material, etc. which were calcinated. The above-mentioned green sheet in particular is 
not limited, but can use the common green sheet etc. which were fabricated using the ceramic 
powder end of glassiness or non-glassiness, and an organic binder. For example, when using 
this paste for manufacture of the internal electrode of MLCC, the green sheet etc. which use 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=h^^ 9/17/2008 



JP,2002-270036,A [DETAILED DESCRIPTION] 



Page 10 of 16 



the dielectric powder which uses barium titanate, strontium titanate, yttrium oxide, etc. as the 
main ingredients, and organic binders, such as a polyvinyl butyral, are used preferably. The 
green sheet etc. which use organic binders, such as the end of ceramic powder, such as 
alumina and zirconia, and acrylic, can be used as a candidate for spreading of the paste of this 
invention. 

[0031]Next, the good example concerning the conductor film formation using the solventless 
type photoresist conductive paste of this invention is explained. Except for the point to which 
photo-curing of the paste after the point of not requiring the solvent solvent wiping removal 
process accompanied by heating, and spreading is carried out, the paste of this invention. It 
can be dealt with like the conductive paste conventionally used for forming conductor films, 
such as an electrode and wiring, on the substrate made from ceramics (substrate), and a 
publicly known method can be conventionally adopted especially without restriction. Typically, 
by screen printing, a calendar coating method, the dispenser applying method, etc., as it 
becomes the shape and thickness for which it asks, solventless type photoresist conductive 
paste is applied to ceramic base materials, such as a ceramic green sheet. Then, without 
performing a solvent solvent wiping removal, the paste (coat) applied to the green sheet etc. is 
irradiated from a predetermined light source (ultraviolet rays, an electron beam, X-rays, etc. 
can be used, among these especially ultraviolet rays are preferred), and photo-curing of this 
coat is carried out. As the above-mentioned predetermined light source, a low pressure 
mercury lamp, a high-pressure mercury-vapor lamp, a halogen lamp, germicidal lamp glass, 
etc. can be used, among these an ultrahigh pressure mercury lamp is used preferably. Then, 
after performing debinding processing (it is 350-500 ** heat-treatment in an oxidizing 
atmosphere typically) to the hardening layer (uncalcinated conductor film) and substrate which 
were obtained, Predetermined time heating of this hardening layer and substrate is carried out 
in a warmer on suitable heating conditions (typically, the highest calcination temperature is 
800-1000 ** preferably 700-1100 ** with Ag paste 600-1300 ** in general). By performing this 
processing of a series of, the ceramic electronic component (for example, used for MLCC, O2 

sensor, LTCC, a piezoelectric element, a dielectric filter, an inductor, etc.) in which the 
conductor films (an electrode, wiring, etc.) which calcinate the paste of this invention were 
formed is obtained. 

[0032]ln using the paste of this invention for manufacture of the internal electrode of MLCC, 
after usually carrying out photo-curing of the coat, specified number lamination of the green 
sheet in which this hardening layer was formed is carried out, and it bonds mutually by thermo- 
compression. And baking treatment is performed after cutting this layered product in the target 
size. Although the suitable optical exposure conditions at the time of stiffening a coat change 
with thickness of this coat, etc., it is preferred to perform the optical exposure for [ 1 minute - ] 
30 minutes, for example using the ultrahigh pressure mercury lamp of the output of 5 - 100 
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mW/cm^. 
[0033] 

[Example]lt is not what meant hereafter limiting this invention to what is shown in this example 
although some examples about this invention are described. 

[0034]< example 1 : in preparation (1) > this example of the paste containing alumina. The end 
of silver dust almost spherical as the above-mentioned conductive powder (mean-particle- 
diameter [ of 2.0 micrometers ], and specific surface area 1-2m^/g), While using alumina 

(mean-particie-diameter [ of 2.0-4.0 micrometers ], and specific surface area 0.2-1 m /g) as the 
above-mentioned non-glassiness Inorganic additive, It is the 2-methyl- 1 as the above- 
mentioned photopolymerization nature compound as dipentaerythritol pentaacrylate (the 
Sanyo Chemical Industries, Ltd. make, trade name "NEOMA DA-SOO") and the above- 
mentioned photopolymerization initiator. - [4-(methylthio) phenyl] Solventless type photoresist 
conductive paste was prepared using-2-morpholinopropane 1-one (made in Tiba Speciality 
Chemicals, Inc., trade name "IRGACURE (registered trademark) 907"). The content ratio in a 
final paste Namely, conductive powder 88wt%, Weighing of each above-mentioned raw 
material was carried out, and it kneaded using 3 roll mills so that it might become 
photopolymerization initiator 1 .2wt% (photopolymerization nature compound: 
photopolymerization initiator =9:1 (weight ratio)) photopolymerization nature compound 9.8wt% 
non-glassiness inorganic additive 0.4wt% (it is 0.5wt% to conductive powder). This paste 
contains powder material 88.4wt% for conductor formation, and organic vehicle 1 1.6wt%. 
[0035]< example 2: Solventless type photoresist conductive paste was prepared like Example 
1 except the point of having changed the amount of the preparation (2) > non-glassiness 
inorganic additive used of the paste containing alumina. That is, the content ratio of the non- 
glassiness inorganic additive to conductive powder was changed to 1.0wt% from 0.5wt%. The 
content ratio in a final paste is non-glassiness inorganic additive 0.9wt% conductive powder 
88wt%. This paste contains powder material 88.9wt% for conductor formation, and organic 
vehicle 11.1wt%. The weight ratio of the photopolymerization nature compound and 
photopolymerization initiator which are contained in an organic vehicle is 9:1. 
[0036]< example 3: Solventless type photoresist conductive paste was prepared like Example 
1 except the point which does not use alumina as a preparation > non-glassiness inorganic 
additive of the paste which does not contain alumina. This paste contains powder material (it 
consists only of conductive powder) 88wt% for conductor formation, and organic vehicle 
12wt%. The weight ratio of the photopolymerization nature compound and photopolymerization 
initiator which are contained in an organic vehicle is 9:1. 

[0037]<preparation (1) of the paste in which example 4:Ag particle diameter differs from 
content> - solventless type photoresist conductive paste was prepared like Example 3 except 
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the point which made the content ratio in a final paste organic vehicle 15wt% powder material 
85wt% for conductor formation. At this time, the weight ratio of the photopolymerization nature 
compound and photopolymerization initiator which are contained in an organic vehicle is 9:1. 
[0038]<preparation (2) of the paste in which example 5:Ag particle diameter differs from 
content> - solventless type photoresist conductive paste was prepared like Example 3 except 
the point which made the content ratio in a final paste organic vehicle 10wt% powder material 
90wt% for conductor formation. At this time, the weight ratio of the photopolymerization nature 
compound and photopolymerization initiator which are contained in an organic vehicle is 9:1. 
[0039]Solventless type photoresist conductive paste was prepared like Example 4 except the 
point of having changed the particle diameter of the <preparation [ of the paste in which 
example 6:Ag particle diameter differs from content ] (3)> above-mentioned conductive 
powder. That is, the almost spherical silver dust end of the mean particle diameter of 1.0 

micrometer and specific surface area [ of 0.5-1 .5 m ]/g was used as conductive powder. This 
paste contains powder material 85wt% for conductor formation, and organic vehicle 15wt%. 
[0040]<preparation (4) of the paste in which example 7:Ag particle diameter differs from 
content> solventless type photoresist conductive paste was prepared like Example 6 except 
the point which made the content ratio in a final paste organic vehicle 12wt% powder material 
88wt% for conductor formation. At this time, the weight ratio of the photopolymerization nature 
compound and photopolymerization initiator which are contained in an organic vehicle is 9:1. 
[0041]Solventless type photoresist conductive paste was prepared like Example 4 except the 
point of having changed the particle diameter of the <preparation [ of the paste in which 
example 8:Ag particle diameter differs from content ] (5)> above-mentioned conductive 
powder. That is, the almost spherical silver dust end of the mean particle diameter of 0.5 

micrometer and specific surface area ^[ of 2-4 m ]/g was used as conductive powder. This 
paste contains powder material 85wt% for conductor formation, and organic vehicle 15wt%. 
[0042]<preparation (6) of the paste in which example 9:Ag particle diameter differs from 
content> - solventless type photoresist conductive paste was prepared like Example 8 except 
the point which made the content ratio in a final paste organic vehicle 13wt% powder material 
87wt% for conductor formation. At this time, the weight ratio of the photopolymerization nature 
compound and photopolymerization initiator which are contained in an organic vehicle is 9:1. 
[0043]< example 10: Solventless type photoresist conductive paste was prepared like Example 
3 except the point of having changed the kind of preparation (1) > photopolymerization initiator 
of the paste in which the kinds of photopolymerization initiator differ. That is, in this example, 
bis(2,4,6-trimethyl benzoyl)-phenyl phosphine oxide (made in Tiba Speciality Chemicals, Inc., 
trade name "IRGACURE (registered trademark) 819") was used as a photopolymerization 
initiator. 

[0044]< example 11: Solventless type photoresist conductive paste was prepared like Example 
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3 except the point of having changed the kind of preparation (2) > photopolymerization initiator 
of the paste in which the kinds of photopolymerization initiator differ. That is, in this example, 1- 
hydroxycyclohexylphenyl ketone (made in Tiba Speciality Chemicals, Inc., trade name 
"IRGACURE (registered trademark) 184") was used as a photopolymerization initiator. 
[0045]< example 12: Solventless type photoresist conductive paste was prepared like Example 
3 except the point of having changed the kind of preparation (3) > photopolymerization initiator 
of the paste in which the kinds of photopolymerization initiator differ. That is, in this example, 
2,2-dimethoxy- 1 ,2-diphenylethan 1-one (made in Tiba Speciality Chemicals, Inc., trade name 
"IRGACURE (registered trademark) 651") was used as a photopolymerization initiator. 
[0046]< example 13: Solventless type photoresist conductive paste was prepared like Example 
3 except the point of having changed the kind as a preparation (4) > photopolymerization 
initiator of the paste in which the kinds of photopolymerization initiator differ. That is, at this 
example, it is the 2-benzyl-2-dimethylamino 1 as a photopolymerization initiator. -(4- 
morpholinophenyl)- Butan-1-one (made in Tiba Speciality Chemicals, Inc., trade name 
"IRGACURE (registered trademark) 369") was used. 

[0047]Solventless type photoresist conductive paste was prepared like Example 3 except the 
point of having changed the kind of <preparation [ of the paste in which the kinds of example 
14:photopolymerization nature compound differ] (1)> photopolymerization nature compound. 
That is, in this example, polyester-acrylates oligomer (the Sannopuko, Inc. make, trade name 
"RCC1 3-429") was used as a photopolymerization nature compound. 
[0048]Solventless type photoresist conductive paste was prepared like Example 3 except the 
point of having changed the kind of <preparation [ of the paste in which the kinds of example 
15:photopolymerization nature compound differ] (2)> photopolymerization nature compound. 
That is, in this example, dipentaerythritol pentaacrylate (the Sannopuko, Inc. make, trade 
name "NOPUKOMA 4510") was used as a photopolymerization nature compound. 
[0049]Solventless type photoresist conductive paste was prepared like Example 3 except the 
point of having changed the kind of <preparation [ of the paste in which the kinds of example 
16:photopolymerization nature compound differ] (3)> photopolymerization nature compound. 
That is, in this example, aliphatic series urethane acrylate oligomer (the Sannopuko, Inc. 
make, trade name "Photomer 6210") was used as a photopolymerization nature compound. 
[0050]Solventless type photoresist conductive paste was prepared like Example 3 except the 
point of having changed the kind of <preparation [ of the paste in which the kinds of example 
17:photopolymerization nature compound differ] (4)> photopolymerization nature compound. 
That is, in this example, epoxidized-soybean-oil acrylate oligomer (the Sannopuko, Inc. make, 
trade name "Photomer 3005") was used as a photopolymerization nature compound. 
[0051]So!ventless type photoresist conductive paste was prepared like Example 3 except the 
point of having changed the kind of <preparation [ of the paste in which the kinds of example 
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18:photopolymerization nature compound differ ] (5)> photopolymerization nature compound. 
That is, in this example, PO addition diacrylate (honorable company chemicals incorporated 
company make, trade names "light acrylate BP-4PA", the number of PO addition mols per 
monad: about 4 mol) of bisphenol A was used as a photopolymerization nature compound. 
[0052]As mentioned above, the presentation of the paste obtained in each example is shown 
in Table 1 and 2. The viscosity of these pastes has all in the range of 10 - 80 Pa-s in general, 
and was able to prepare the paste satisfactorily especially. 
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[0054] 
Table 2] 
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[0055]< example 19: The dielectric green sheet which uses barium titanate as the photo-curing 
and its evaluation > dielectric powder of a paste, and uses a polyvinyl butyral as an organic 
binder was prepared. With general screen printing (SUS-200 mesh), the paste obtained in 
each example was applied to the rectangular form of 15 mm x 30 mm, and the coat about 35 
micrometers thick was formed in the surface of this green sheet. Subsequently, these coats 
were irradiated with ultraviolet radiation (light source: an ultrahigh pressure mercury lamp, 
wavelength:350nm) with the output of 8 mW. Photo-curing of the coat which consists of a 
paste of each example by this exposing treatment was carried out. The tactile feeling 
estimated the state of the obtained hardening layer, and the result was combined with Table 1 
and 2, and was shown. The valuation basis is as follows. 

O : the hardening layer with high hardness was formed by the exposure for 10 minutes. 
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O : the flexible hardening layer was formed by the exposure for 10 minutes. 
**: The hardening layer was formed by 10 - the exposure for 30 minutes. 
[0056]As shown In Table 1 and 2, each paste of Examples 1-18 showed practically sufficient 
photoresist. When the content ratio of the powder material for conductor formation was 
comparable, in the range whose mean particle diameter of conductive powder is 0.5-2.0 
micrometers, the tendency for a photoresist to improve was seen as the mean particle 
diameter of conductive powder became large. All were able to prepare good pastes, such as a 
photoresist, as being based on the photopolymerization nature compound and 
photopolymerization initiator which were used in the above-mentioned example. Among these, 
when IRGACURE (registered trademark) 907 or IRGACURE (registered trademark) 819 was 
used as DA-600 or NOPUKOMA 6210, and a photopolymerization initiator as a 
photopolymerization nature compound, the good result was especially obtained from a point of 
the hardness of a photoresist and a hardening layer. 

[0057]< example 20: Manufacture and its evaluation of the conductor film were performed 
using the paste prepared in manufacture of a conductor film, and evaluation > examples 1-3. 
That is, each paste was applied to the line (0.5 mm x 200 mm) (about 35 micrometers in 
thickness) with screen printing (SUS-200 mesh) general in the surface of the dielectric green 
sheet used in Example 19. Subsequently, photo-curing of the coat which irradiates with 
ultraviolet radiation (light source: an ultrahigh pressure mercury lamp, wavelength:350nm) on 
condition offer [ 8 mWx ] 10 minutes, and consists of each paste on the same conditions as 
Example 19 was carried out. Next, this hardening layer was calcinated the whole green sheet. 
That is, in the electric furnace, the green sheet in which the hardening layer was formed was 
heated to 900 ** with 5 ** the heating rate for /, and it maintained for 10 minutes at the 
temperature. By this baking treatment, the ceramic substrate on which the conductor film was 
printed was obtained. 

[0058]Next, characterization of each obtained conductor film was performed. That is, based on 
general 2 terminal method, the resistance (omega) of the conductor film was measured using 
the multimeter. The result is shown in Table 3 with the presentation of the used paste. Each 
obtained conductor film has the appearance in which all do not have a problem practically, 
although some curl was looked at by the conductor film obtained from the paste of Example 3. 
In the "curl" column in Table 2, ** shows that some curl (grade which is satisfactory practically) 
is seen to a conductor film, and O shows that a curl is not seen. 
[0059] 
[Table 3] 
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[0060]By considering it as the paste presentation which blended 0.5wt% (example 1) or 
1.0wt% (example 2) of the non-glassiness inorganic additive to conductive powder, as shown 
in Table 3, As compared with Example 3. the curl of a conductor film was able to be controlled 
further, without reducing electrical properties, such as resistance, greatly. 
[0061] 

[Effect of the Invention] According to the solventless type photoresist conductive paste of this 
invention, since this paste does not contain an organic solvent, modification of the green sheet 
resulting from the solvent solvent wiping removal of a paste and other ceramic base materials 
is prevented. It is possible to make the electrical property of the products (MLCC etc.) provided 
with the conductor film obtained from the paste of this invention by this, a mechanical property, 
etc. improve. Since photo-curing of the paste (coat) after spreading can be carried out, the 
handling nature of the green sheet in which the paste was applied at the time of manufacture 
of MLCC etc. is good. In what contains the non-glassiness inorganic additives (alumina etc.) of 
specified proportion among the pastes of this invention, the characteristics (the adhesive 
strength to a substrate, accuracy of form, accuracy of position, a mechanical property, an 
electrical property, etc.) of the conductor film formed from this paste can be improved further. 
[0062]The ceramic electronic component manufacturing method of this invention makes 
unnecessary the solvent solvent wiping removal of the paste applied to uncalcinated ceramic 
base materials, such as a green sheet, using above-mentioned solventless type photoresist 
conductive paste. According to this manufacturing method, heat modification of a green sheet 
is prevented and the ceramic electronic component excellent in an electrical property, a 
mechanical property, etc. can be obtained. Since the occupation area of a light irradiation 
device is generally small compared with a solvent solvent wiping removal device, according to 
the manufacturing method of this invention, compared with the Prior art which performs a 
solvent solvent wiping removal after spreading of a paste, or performs photo-curing further 
after a solvent solvent wiping removal, it is possible to miniaturize a manufacturing facility. 
[0063]The solventless type photoresist conductive paste which has the presentation of this 
invention can be used not only for spreading to uncalcinated ceramic base materials, such as 
a green sheet, but for the use which is applied to the ceramic substrate by which glassiness or 
non-glassiness was calcinated, and forms a conductor film. Also in this case, it is possible to 
acquire effects, such as improvement in the manufacturing efficiency by the ability to skip a 
drying process, reduction of an equipment surface product, and an improvement of the work 
environment by not using an organic solvent. 



[Translation done.] 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=^^^ 9/17/2008 



